INTRODUCTION
In field B (23 a, conventional) located about 800 meters down-stream from field A, conventional rice cultivation practices have been followed using various pesticides and fertilizers for many years. The rice growing practices and the climatic conditions were the same for both paddy fields. The actual workload input was described previously. 14) Certain environmental and microbial parameters of the paddy soil were monitored every two to four weeks from May 1998 to Dec. 1999.
Soil Sampling
The method of soil sampling and handling has been described in detail. 14 Briefly, twenty soil columns were collected from each paddy field, and the surface layer (0-2 cm) was separated, mixed and passed through a 2 mm sieve. The soil samples were supplemented with distilled water to achieve a final water content of 50-60%, if necessary, and used for measurements within 12 hr. All measurements were made in triplicate. The physicochemical characteristics of the soils in paddy fields A and B have been are published previously. 14)
Physico-chemical Conditions in Paddy Soils
The physico-chemical conditions in the paddy soils such as pH(H2O), water, ammonium N, and Fe(II) content were determined as described previously. 15 Climatic data such as rainfall, atmospheric temperature, paddy water temperature, and soil temperature were measured in the fields or obtained from public data bases.
Ability to Utilize Carbon Substrates and Biolog
Patterns of Soil Microbial Communities Soil samples were mixed with sterile distilled water to make 10-fold serial dilutions. From the 10-4 dilution, 150 p1 aliquots were inoculated into each well of a GN type Biolog plate (Biolog Inc. , CA), and incubated at 25 °C for up to 7 days. Three plates were used for each sample. Color development in microplate wells was analyzed by measuring A650 with a microplate reader (Wako model SPEDCTRA 1, Osaka, Japan) every 6-24 hr after the inoculation.
After the inoculation of Biolog plates with the soil suspensions, average well color development (AWCD) [(C-R)/95, where C and R are absorbance values for wells with and without a sole carbon source, respectively] and positive well numbers [(C-R)>0. 1 ] were determined. Patterns of positive wells in the Biolog plates were grouped by cluster analysis (Ward linkage using squared Euclidean distance) and by principal component analysis, using the SPSS for Windows software (ver. 7. 5. 1. 0, SPSS Inc. , IL, USA) according to a procedure described previously. 16) Biolog data at the time when almost half of the wells in each plate were positive were used for statistical analyses to avoid comparisons among plates in which the most and/or least number of wells were positive.
RESULTS AND DISCUSSION
Fluctuations in Environmental Conditions in Paddy
Soils The seasonal fluctuations in soil temperature and Fe(II) content during the experimental period are shown in Fig, 1 . The changes in water content, pH(H2O), and ammonium N levels were presented previously. l5> Amounts of Fe(II) and water, and the pH(H20) in both soils fluctuated with a similar pattern corresponding to the water management in the paddy fields during the two years. Levels were higher during waterlogged periods and decreased after drainage, with no marked difference observed between the soils of paddy fields A and B. The soil temperature ranged from 5°C in winter to 2TC in summer. The ammonium N content increased early in the cultivation probably due to applications of chemical fertilizer. 15)
Fluctuations in Carbon Substrate Utilizing Activity
The annual fluctuations of AWCD are shown in Fig.  1 . As AWCD increased with the incubation time and became saturated, the values at 48 hr of incubation were used. The utilization of carbon substrate gradually changed, with higher levels of activity observed during late summer in both soils throughout the two years. Compared with the other microbial parameters examined in the previous study, this seasonal change was unique to the carbon substrate utilizing activity because no constant tendency for fluctuation was observed in viable counts, microbial biomass, ATP, or the activity related to nitrogen transformation. 14,15) The use of carbon substrate seems to be directly influenced by soil temperature, and/or redox potential because these environmental parameters gradually change in parallel with the activity. Reductive conditions were maintained during mid summer, and the highest levels of activity were observed thereafter. As the carbon substrate utilizing activity in this study is based on the aerobic respiration of various compounds in the Biolog plates, the increased activity might be caused by the growth of aerobic microorganisms with greater activity due to an air-drying effect after the drainage. The decrease in activity during winter even under oxidative conditions might be due to the drop in soil temperature.
The level of activity tended to be higher in field A than B, but no obvious change in field B was observed after the application of the chemicals. This is consistent with the tendency for larger microbial populations in paddy field A. 15 This seems reasonable given that both parameters are based on viable microbial potential. It is unclear whether the difference is caused by the long-term input of pesticides and chemical fertilizers or the properties of the soil itself.
Biolog Patterns of Soil Microbial Communities
A dendrogram of the Biolog patterns is shown in Fig.  2 . The patterns were grouped based on the sampling Means were compared by Student's t-test. ***, **, *, significant at the 0. 1%, 1%, and 5% level, respectively; ns, not significant at the 5% level. a) mg/g dry soil, b) microbial biomass carbon (pg -C/g dry soil), C) microbial biomass ninhydrin-reactive compounds (, ug-N/g dry soil), EC and ENnin were defined in Suyama et al. 15 season into cluster I: Aug. -Dec., cluster II: Jan. -Apr., and cluster III: May-Aug. Cluster I was further divided between paddies A (cluster Ia) and B (cluster Ib), whereas clusters II and III were not separated based on paddy type. In both paddy soils, patterns of positive wells were grouped based not on the year but on the season of sampling, indicating the same soil microbial communities were reestablished in the same season for the two successive years.
To analyze the physico-chemical and microbial parameters most related to the separation of the clusters, the significance of difference of the parameters among the four clusters was examined using Student's t-test. As shown in Table 1 , cluster III, the most distinctive of the three, was characterized by a significant abundance of Fe(II).
The reductive conditions could contribute to the formation of a distinct microbial community as expected from the physiological difference between oxidative and reductive conditions.
Bossio and Scow also reported differences in soil microbial communities between flooded and non-flooded fields based on phospholipid fatty acid profiles and carbon substrate utilization patterns. 17 Cluster II, the second most distinctive cluster, was characterized by a significantly low soil temperature. It was assumed that specific microbial communities with different Biolog patterns were established in winter.
It is interesting that each microbial community in clusters IT and III was indistinguishable between fields A and B, suggesting the reductive environment and low soil temperature influence microbial communities more than other factors including long-term agrochemical practices.
In contrast, cluster I was separated between the two paddy soils. It seemed that differences in the microbial communities in the two paddies were detected when there were no other strong influential factors. A three-dimensional principal component diagram for all the samples is shown in Fig. 3 . The three components explained 59. 3% of the variation in the data. The four groups of samples separated in the cluster analysis were also distinguished in the principal component analysis.
Criteria for Assessing the Side-Effect of Pesticides
Both the rate and variation of the fluctuation in microbial parameters have been proposed as a criterion to estimate the side-effects of pesticides on soil microbial ecosystems. 14, 15) In the case of carbon substrate utilizing activity, however, the same method of evaluation could not be applied because this parameter changed regularly with an annual cycle (Fig. 1) . Therefore, it is proposed that the pattern of activity be monitored for a few years, then deviations from the pattern caused by the application of pesticides be considered. Repression of the activity in Aug. -Nov. when the activity was strongest could affect seriously the carbon cycle in the paddy soil ecosystem.
The microbial communities detected using the Biolog patterns also changed regularly in an annual cycle with the same communities reestablished in the corresponding seasons. To assess the side-effects that pesticides have on the microbial communities in paddy soils, the same approach used for the carbon substrate utilizing activity is proposed. That is, the Biolog patterns should be monitored for a few years to characterize the clusters of the patterns, then deviations from the clusters caused by the pesticides should be considered. 
